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ABSTRACT  28 
Current knowledge on the prevalence and genotypes of Cryptosporidium in fishes is still  29 
limited. This study investigated the prevalence of Cryptosporidium species in 171 ornamental  30 
fishes, belonging to 33 species, collected from 8 commercial aquariums around Perth,  31 
Western Australia. All samples were screened by nested PCR targeting the 18S rRNA locus.  32 
A total of 6 positives were identified by PCR at the 18S locus from 4 different species of  33 
fishes (red eye tetra, Moenkhausia sanctaefilomenae; gold gourami, Trichogaster  34 
trichopterus; neon tetra, Paracheirodon innesi; goldfish, Carassius auratus auratus), giving  35 
an overall prevalence of 3.5% (6/171). Four different genotypes were identified, only one of  36 
which has been previously reported in fish; piscine genotype 4 in a neon tetra isolate, a rat  37 
genotype III-like isolate in a goldfish, a novel genotype in three isolates from red eye (piscine  38 
genotype 7) which exhibited a 3.5% genetic distance from piscine genotype 1 and a piscine  39 
genotype 6-like from a gold gourami (1% genetic distance). Further biological and genetic  40 
characterisation is required to determine the relationship of these genotypes to established  41 
species and strains of Cryptosporidium.  42 
  43 
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1. Introduction  46 
Cryptosporidium is an obligate, intracellular, protozoan parasite which undergoes  47 
endogenous (internal) development resulting in the production of an encysted stage that is  48 
excreted in the faeces of the host (Fayer et al., 2000).  The parasite causes self-limiting  49 
diarrhoea in immunocompetent individuals but may be chronic and life-threatening to those  50 
that are immunocompromised (Hunter et al., 2007). Humans can acquire Cryptosporidium  51 
infections through various transmission routes, such as direct contact with infected persons  52 
(person-to-person transmission) or animals (zoonotic transmission) and ingestion of  53 
contaminated food (foodborne transmission) and water (waterborne transmission) (Xiao,  54 
2010).  Molecular data indicates that seven Cryptosporidium species/genotypes are  55 
responsible for most human cryptosporidiosis cases, including C. hominis, C. parvum, C.  56 
meleagridis, C. felis, C. canis, C. ubiquitum and C. cuniculus (Xiao and Feng, 2008; Xiao,  57 
2010; Chalmers et al., 2011) with C. parvum and C. hominis by far the most common species  58 
in humans worldwide (Xiao, 2010).  59 
Relatively little is known about the taxonomy, epidemiology, pathology, host range or  60 
zoonotic potential of Cryptosporidium in fishes (Zanguee et al., 2010). Cryptosporidium  61 
infections are known to cause emaciation, poor growth rates, coelomic distention, anorexia,  62 
spiralling, listlessness and increased mortality in various fish hosts (Alvarez-Pellitero and  63 
Sitja-Bobadilla, 2002; Alvarez-Pellitero et al., 2004; Ryan et al., 2004; Murphy et al., 2009;  64 
Zanguee et al., 2010).    65 
Currently only two species of Cryptosporidium are recognised in fishes; C. molnari in  66 
gilthead sea bream (Sparus aurata) and European sea bass (Dicentrarchus labarx), and C.  67 
scophthalmi in turbot (Psetta maxima, sny. Scophthalmus maximus) (Alvarez-Pellitero and  68 
Sitja-Bobadilla, 2002; Alvarez-Pellitero et al., 2004). Cryptosporidium molnari has recently  69 
been characterised genetically (Palenzuela et al., 2010), but currently no genetic sequences  70 Page 4 of 16
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are available for C. scophthalmi. In addition to the two accepted species, a total of nine  71 
species/genotypes have been identified in fishes: piscine genotype 1 from a guppy (Poecilia  72 
reticulate) (Ryan et al., 2004); piscine genotype 2 from a freshwater angelfish (Pterophyllum  73 
scalare) (Murphy et al., 2009), piscine genotype 3 from a sea mullet (Mugil cephalus) (Reid  74 
et al., 2010); piscine genotype 4 from a golden algae eater (Crossocheilus aymonieri), a  75 
kupang damsel (Chrysiptera hemicyanes) and an oscar fish (Astronatus ocellatis); piscine  76 
genotype 5 from an angelfish (Pterophyllum scalare), a butter bream (Monodactylidae) and a  77 
golden algae eater (Crossocheilus aymonieri); piscine genotype 6 from a guppy (Poecilia  78 
reticulate) (Zanguee et al., 2010), and C. parvum, C. xiaoi and pig genotype II in whiting  79 
(Sillago vittata) (Reid et al., 2010).  80 
A recent study of Cryptosporidium in ornamental fishes collected from aquariums in  81 
Perth, Western Australia reported a high prevalence of infection (10.5%) and identified three  82 
novel genotypes (piscine genotypes 4-6)  (Zanguee et al., 2010). The high prevalence of  83 
potentially pathogenic Cryptosporidium found in ornamental fishes in that study is potentially  84 
of much wider significance than its effects on the ornamental fish industry, because if these  85 
fishes are released, they may constitute a major threat to the highly endemic and threatened  86 
freshwater fish fauna of Western Australia. The aim of this present study was to expand our  87 
knowledge and understanding of Cryptosporidium species infecting ornamental fishes in  88 
Western Australia by screening additional fish species using PCR and sequence analysis.   89 
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2. Materials and methods  91 
  92 
2.1 Sampling  93 
  94 
A total of 171 ornamental fishes, belonging to 33 species, were collected from 8  95 
commercial aquariums across the Perth metropolitan area in Western Australia (Table 1).  96 
Fishes were collected live to preserve tissues. All fishes were euthanized in an ice slurry upon  97 
arrival at the laboratory. They were then weighed and measured (length and width) and  98 
dissected using a fresh scalpel blade for each fish. The intestine and stomach were placed in a  99 
1.5 mL eppendorf tube and enough PCR grade water was added to cover the sample.   100 
  101 
2.2 Genomic DNA extraction and PCR amplification  102 
  103 
DNA was extracted from ~25 mg of intestinal and stomach tissue using the PowerSoil  104 
DNA Isolation Kit (Mo Bio, California, USA) and stored in a freezer at -20⁰C until required.  105 
All samples were screened at the 18S rRNA locus as previously described (Ryan et al., 2003).   106 
  107 
2.3 Sequence and phylogenetic analysis  108 
  109 
Positives were sequenced using an ABI Prism
TM Dye Terminator cycle sequencing kit  110 
(Applied Biosystems, Foster City, California) according to the manufacturer’s instructions.  111 
Nucleotide sequences were analyzed using Finch TV Version 1.4.0 (Geospiza, Inc.; Seattle,  112 
WA, USA; http://www.geospiza.com) and aligned with reference genotypes from GenBank  113 
using Clustal W (http://www.clustalw.genome.jp).  Phylogenetic trees were constructed using  114 
additional isolates from GenBank. Distance, parsimony and maximum likelihood trees were  115 Page 6 of 16
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constructed using MEGA version 5 (Tamura et al., 2011). Attempts were also made to  116 
amplify all positive samples at the actin locus as previously described (Ng et al., 2006),  117 
however only two samples could be amplified at this locus and these were unable to be  118 
successfully sequenced. Prevalences were expressed as the percentage of samples positive by  119 
PCR, with 95% confidence intervals calculated assuming a binomial distribution, using the  120 
software Quantitative Parasitology 3.0 (Rózsa et al., 2000).  121 
  122 
3. Results  123 
  124 
3.1 Prevalence of Cryptosporidium in fish hosts  125 
  126 
Of the 171 samples screened, only 6 were positive by PCR at the 18S locus, giving an  127 
overall prevalence of 3.5% (0.8-6.3% CI). This is lower than the prevalence of 10.5% found  128 
in ornamental fishes in Western Australia by Zanguee et al. (2010), but considerably higher  129 
than the prevalence of 0.8% for Cryptosporidium reported in 709 cultured, wild marine and  130 
wild freshwater fishes in Western Australia (Reid et al., 2010). The six positives were  131 
identified in four species of fishes; red eye tetra (Moenkhausia sanctaefilomenae) (isolates  132 
Red1, Red2, Red3), gold gourami (Trichogaster trichopterus) (isolate GG1), neon tetra  133 
(Paracheirodon innesi) (isolate N1) and goldfish (Carassius auratus) (isolate Gold1). Red  134 
eye tetra and gold gourami have not previously been identified as hosts for Cryptosporidium.  135 
  136 
3.2 Identification of Cryptosporidium species in fishes at the 18S locus  137 
  138 
At the 18S locus, partial sequences were obtained for all 6 positive isolates and  139 
phylogenetic analysis revealed that the three isolates from red eye tetras (Red1, Red2 and  140 Page 7 of 16
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Red3) (hereafter referred to as piscine genotype 7), were genetically distinct and clustered  141 
most closely with piscine genotype 1 (Figure 1-NJ tree shown). The isolate from the gold  142 
gourami (GG1) also appeared to be genetically distinct and clustered with piscine genotype 6.  143 
The neon tetra-derived isolate (N1) was 100% homologous to piscine genotype 4 and the  144 
goldfish-derived isolate (Gold 1) clustered with rat genotype III (0.5% genetic distance). The  145 
unique partial 18S rRNA sequences of the isolates N1, Gold 1, Red1, Red2, Red3 and GG1  146 
have been deposited in the GenBank database under the accession numbers JQ995771 to  147 
JQ995776.   148 
  149 
4. Discussion  150 
  151 
Of the four genotypes that were identified in this study, only one (piscine genotype 4  152 
identified in the neon tetra) has previously been reported in fishes. The goldfish-derived  153 
isolate is likely a variant of rat genotype III, but sequencing at the actin locus is required to  154 
confirm this. This is the first time that rat genotype III has been identified in a fish host. Little  155 
is known about rat genotype III and its zoonotic potential is unknown, however it has not  156 
been reported in humans to date (Kimura et al., 2007; Feng et al., 2009; Lv et al., 2009).  157 
Whether this was a true infection or mechanical transmission requires further  158 
characterisation.   159 
Piscine genotype 7 identified in the red eye tetra isolates exhibited a 3.5% genetic  160 
distance from piscine genotype 1 and a genetic distance of 12.5-13.4% from all other  161 
Cryptosporidium species and genotypes (Table 2). The gold gourami isolate exhibited a 1%  162 
genetic difference from piscine genotype 6 and a genetic distance of 12.2-15% from all other  163 
Cryptosporidium species and genotypes (Table 2). This provides strong supporting evidence  164 
that piscine genotype 7 and possibly the gold gourami isolate are separate species.   165 Page 8 of 16
Accepted Manuscript
8 
 
Unfortunately in the present study, there was insufficient sample for histological  166 
analysis due to the small size of the fishes. Future work to confirm the species status of the  167 
novel genotypes identified will require characterisation at the actin locus, morphological  168 
characterisation of oocysts and identification of the location of infection (i.e. stomach or  169 
intestine). However as there are few morphological differences between most  170 
Cryptosporidium species, greater importance is placed on genetic differences as well as  171 
biological variation when delineating a new species (Fall et al., 2003; Xiao et al., 2004).   172 
  173 
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Figure 1: Phylogenetic relationship among Cryptosporidium species and genotypes as 
inferred by neighbour-joining analysis at the 18S rRNA locus. Percentage support (>50%) 
from 1000 pseudoreplicates indicated at the left of the supported node. Page 13 of 16
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Common Name 
Scientific Name  Habitat 
No. 
Sampled  
No. 
Positive 
Angelfish  Pterophylum scalare  Freshwater  8  0 
Auratus chiclid  Melanochromis auratus  Freshwater  2  0 
Balloon molly  Poecilia latipinna  Freshwater  11  0 
Black neon tetra  Hyphessobrycon herbertaxelrodi  Freshwater  2  0 
Blue 
ram/Butterfly 
Mikrogeophagus ramirezi  Freshwater  2  0 
Bolivian ram  Mikrogeophagus altispinosus  Freshwater  3  0 
Bronze cory  Corydoras aeneus  Freshwater  6  0 
Cherry Barb  Puntius titteya  Freshwater  3  0 
Discus  Symphysodon sp.  Freshwater  3  0 
Dwarf gourami  Colisa lalia  Freshwater  1  0 
Glass catfish  Kryptopterus bicirrhis  Freshwater  1  0 
Gold danio  Danio albolineatus  Freshwater  2  0 
Gold gourami  Trichogaster trichopterus  Freshwater  3  1 
Golden algae 
eater 
Crossocheilus aymonieri  Freshwater  6  0 
Goldfish  Carassius auratus  Freshwater  19  1 
Green chromas  Chromis viridis  Marine  1  0 
Green tiger bara  Puntius tetrazona  Freshwater  12  0 
Guppy  Poecilia reticulata  Freshwater  11  0 
Khuli loach  Pangio kuhlii  Freshwater  3  0 
Leopard danio  Danio rerio  Freshwater  1  0 
Moonlight 
gourami 
Trichogaster microlepis  Freshwater  1  0 
Neon tetra  Paracheirodon innesi  Freshwater  4  1 
Oscar  Astronotus ocellatus  Freshwater  3  0 
Pepper cory  Corydoras paleatus  Freshwater  8  0 
Platys  Xiphophorus maculatus  Freshwater  20  0 
Table 1: Ornamental fish species sampled and tested for infection with Cryptosporidium. 
TablePage 14 of 16
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Red eye tetra  Moenkhausia sanctaefilomenae  Freshwater  11  3 
Red tail shark  Epalzeorhynchos bicolor  Freshwater  1  0 
Siamese algae 
eater 
Crossocheilus siamensis  Freshwater  3  0 
Siamese fighting 
fish 
Betta splendens  Freshwater  2  0 
Silver shark 
Balantiocheilos melanopterus 
 
Freshwater  3  0 
Swordtail  Xiphophorus helleri  Freshwater  1  0 
Tanganyikan 
Tilpaia/Cichlid 
Oreochromis tanganicae  Freshwater  12  0 
Tetra glass 
bloodfin 
Aphyocharax anisitsi  Freshwater  2  0 Page 15 of 16
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Table 2: Percentage genetic distance (calculated using the method of Kimura 1980) between red eye tetra isolates, the gold gourami isolate and 
other Cryptosporidium species at the 18S rRNA locus.  
 
  Piscine 
genotype 
7 (Red 
eye 
tetra) 
Gold 
gourami 
Piscine 
genotype 1 
Piscine 
genotype 2 
Piscine 
genotype 3 
Piscine 
genotype 4 
Piscine 
genotype 5 
Piscine 
genotype 6 
C. 
molnari 
C. 
andersoni 
C. 
muris 
C. 
baileyi 
C. 
xiaoi 
C. 
parvum 
C. 
hominis 
Piscine genotype 7 
(Red eye tetra) 
 
    0                             
Gold gourami  10.6  0                           
Piscine genotype 1  3.5  12.2  0                         
Piscine genotype 2  10.7  2.9  12.2  0                       
Piscine genotype 3  10.7  6  10.4  5.2  0                     
Piscine genotype 4  11.6  5.4  12.5  3.2  5.1  0                   
Piscine genotype 5  10.4  4.3  11.6  2.9  4.3  5.4  0                 
Piscine genotype 6  10.6  1  11.9  3.5  5.7  6.3  3.8  0               
C. molnari  7.7  10.7  8.6  10.7  10.4  11.6  10.7  11  0             
C. andersoni  13.4  14.4  12.8  13.7  15.3  14  14  14.4  31.1  0           
C. muris  13.4  15  12.8  14.4  15.6  14.7  14.7  14.7  13.1  0.5  0         
C. baileyi  12.5  13.1  12.8  13.7  13.4  14  11.9  12.8  11.8  7.7  7.7  0       
C. xiaoi  13.1  14  14  15  17  16.6  15  13.4  13.1  9.4  9.4  4.9  0     
C. parvum  13.1  13.7  14  15  16  15  14  13.7  13.4  8.8  9.4  4.8  4  0   
C. hominis  13.1  13.7  14  15  16  15  14  13.7  13.4  8.8  9.4  4.8  4  0.3  0 
TablePage 16 of 16
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0.1 
Eimeria faurei    
C.baileyi   [GU816043] 
C.saurophilum   [EU553556] 
Piscine genotype 5   [HM989834] 
C.fragile   [EU162754] 
C.serpentis   [HQ537112] 
Piscine genotype 1  [HM989835]  
Pig genotype II   [HQ844734]    
Rat genotype I [GQ183517]      
C.molnari-like 2    [HM989836]  
Piscine genotype 3   [GQ925452]  
C.wrairi   [GQ121020] 
Red3  (Red Eye Tetra)  [JQ 995773]    
C.galli   [GU816052]  
C.ryanae   [JN400880] 
C.molnari  2   [HM243549] 
Rat genotype II [GQ121025]     
Piscine genotype 2   [FJ769050]  
C.fayeri   [AF112570]  
C.parvum   [JN247404]  
C. parvum [HQ259587]    
C.hominis   [AB638282] 
C.meleagridis  [HM485432] 
  C.suis  [JF710260]    
 
C.ubiquitum  [JN247402]  
  C.macropodum   [AF513227]  
C.canis  [JN543385]   
C.felis  [HM485433]  
Gold1 (Goldfish) [JQ995772]     
Rat genotype III   [GQ121026]     
C.bovis    [JF957618]  
C.xiaoi   [GU174541]  
C.andersoni   [JF937708] 
C.muris  [AB638283]  
N1 (Neon Tetra) [JQ995771]        
Piscine genotype 4   [HM989833]  
Piscine genotype 6  [HM991857]  
GG1 (Gold Gourami) [JQ995776]        
C.molnari-like1    [HM989832] 
C.molnari  [HM243547]  
Red2  (Red Eye Tetra)  [JQ 995774]   
Red1  (Red Eye Tetra)  [JQ 995775]     
100 
75 
100 
83 
87 
64 
50 
87 
98 
68 
89 
78 
100 
55 
84 
100 
99 
75 
86 
93 
96 
56 
89 
71 
80 
51 
100 
95 
100 
100 
92 
Piscine genotype 7  
Figure